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Abstract 
Background: To study the changes in thickness of 
tangential zone of male human articular cartilage. 
Methods: In this descriptive study forty samples of 
articular cartilage of knee joint were collected from 
unknown male dead bodies of 21-60 years of 
age,within six hours of death. Samples showing 
gross abnormality and deformity and signs of 
trauma or surgery of the knee joints were excluded. 
The collected samples of articular cartilage were 
divided in four groups,depending upon the age of 
the cadaver i.e. Group A: 21 – 30 years, Group B: 31 – 
40 years. Group C: 41 – 50 years. Group D: 51 – 60 
years. Articular cartilage of femoral condyle of right 
sided knee joint was selected. Skin was incised by 
giving a transverse incision extending from medial 
to lateral epicondyle of femur. It was retracted 
upwards and downwards and the quadriceps tendon 
was exposed. Tendon was cut by giving inverted “U” 
shaped incision starting above the patella and 
extending downwards to the tibial condyle on either 
side of ligamentum patellae. The cut tendon was 
reflected downwards along with patella to expose 
the articular cartilage of femoral condyle. Knee joint 
was flexed and 1 cm x 1 cm full thickness chip of 
articular cartilage was removed from the tibial 
surface of femoral condyle, 1 cm medial to the 
medial margin of intercondylar fossa with the chisel. 
 The specimens were immediately placed in 10% 
neutral buffered formalin for 48 hour, processed for 
paraffin embedding. Five micrometer  thick sections 
were made on rotary microtome and mounted on 
clear albumin coated slides.  Masson’s Trichrome 
stain was used for the evaluations of the thickness of 
tangential zone with the help of micrometer. The 
mean thickness was noted by taking of three random 
thicknesses and dividing them by three in each 
sample. 
Results: The mean thickness of tangential zone was 
111 ± 12.86 µm in group A , 110 ± 10.54 µm in group 
B, 60.43 ± 25.85 µm in group C and 58.89 ± 19.65 µm 
in group D . The difference in mean thickness of 
tangential zone was statistically significant in all 
study groups (p-value = 0.000). As age advanced 
diminishing thickness of tangential zone became 
evident.  
Conclusion: In ageing articular cartilage the 
thickness of tangential zone decreases markedly 
leading to osteoarthritis. Presence of stem cells 
makes it focus of intense study for preventive 
measures and treatment trends     
 Key Words: Articular cartilage, tangential zone, 
osteoarthritis 
 
Introduction 
        Articular cartilage is a type of hyaline cartilage, 
specialized connective tissue, covering the ends of the 
bones in synovial joints.1 Histologically, there are four 
zones of articular cartilage, three of them namely 
tangential, transitional, radial are non calcified while 
the deepest is the calcified cartilage zone.2 The 
Chondro-osseous junctional region of articular 
cartilage consists of the deepest layer of non-calcified 
cartilage that includes the tide mark, the zone of 
calcified cartilage, a thin cement line between the 
calcified cartilage and subchondral bone.3  
There are four zones of articular cartilage namely 
tangential zone, transitional zone, radial zone and 
calcified cartilage zone. 4 Tangential (superficial) zone 
makes up about 10 -20 % of articular cartilage and is 
further divided into two subzones. 5 A Superficial 
fibrillar sheet is upper layer that is made up of small 
fibrils of collagen type II, embedded in a small amount 
of polysaccharides with no cells. The densely packed 
collagen fibrils limit the access of large molecules such 
as antibodies or other proteins and exit of large 
molecules, effectively isolating cartilage from immune 
system. Deep to this layer is a cellular layer that 
contains flat chondrons and collagen fibres that align 
themselves parallel or tangential to the articular 
cartilage surface. The chondrocyte in this zone 
synthesize a matrix that has the highest concentration 
of collagen fibre and lowest concentration of 
proteoglycans as compared to the other zones .4 It is 
the only zone of articular cartilage containing 
stem/progenitor cells for regeneration.6 
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     Degeneration of articular cartilage leads to many 
diseases such as osteoarthritis, a most common age 
related, non inflammatory degenerative joint disease 
and a primary cause of pain and disability. Knee joint 
is most commonly involved.7 The incidence of 
osteoarthritis is very high and it is only second to 
ischemic heart disease.8 It is anticipated that by the 
year 2020 about 18% of the US population will be 
affected.9 It appears that aged cartilage incur changes 
which directly predisposes it to the development and 
progression of osteoarthritis.10 
 
Patients and Methods 
   Forty samples of articular cartilage of knee joint were 
collected from unknown male dead bodies of 21-60 
years of age brought to Forensic  Department of King 
Edward Medical University, Lahore within six hours 
of death. Bodies were kept at temperature of 4 degree 
centigrade till autopsy and underwent autopsy within 
12 hours of death. Samples showing gross abnormality 
and deformity and signs of trauma or surgery of the 
knee joints were excluded. The collected samples of 
articular cartilage were divided in four groups A, B, C 
and D depending upon the age of the cadaver i.e. 
Group A: 21 – 30 years, Group B: 31 – 40 years. Group 
C: 41 – 50 years. Group D: 51 – 60 years. For this study 
articular cartilage of femoral condyle of right sided 
knee joint was selected. Skin was incised by giving a 
transverse incision extending from medial to lateral 
epicondyle of femur. It was retracted upwards and 
downwards and the quadriceps tendon was exposed. 
This tendon was cut by giving inverted “U” shaped 
incision starting above the patella and extending 
downwards to the tibial condyle on either side of 
ligamentum patellae. The cut tendon was reflected 
downwards along with patella to expose the articular 
cartilage of femoral condyle. Knee joint was flexed and 
1 cm x 1 cm full thickness chip of articular cartilage 
was removed from the tibial surface of femoral 
condyle, 1 cm medial to the medial margin of 
intercondylar fossa with the chisel.  The specimens 
were immediately placed in 10% neutral buffered 
formalin for 48 hour, processed for paraffin 
embedding. Five micrometer (5µm) thick sections were 
made on rotary microtome and mounted on clear 
albumin coated slides.  Masson’s Trichrome stain was 
used for the evaluations of the thickness of tangential 
zone with the help of micrometer. The mean thickness 
was noted by taking of three random thicknesses and 
dividing them by three in each sample. 
 
Results 
    The mean thickness of tangential zone was 111 ± 
12.86 µm in group A , 110 ± 10.54 µm in group B, 60.43 
± 25.85 µm in group C and 58.89 ± 19.65 µm in group 
D (Table 1). The difference in mean thickness of 
tangential zone was statistically significant in all study 
groups (p-value = 0.000). As age advanced 
diminishing thickness of tangential zone became  
 
Table 1; Descriptive Analysis of Thickness of 
Tangential Zone and Multiple Comparison Test of 
Thickness in Different Study Groups 
 No Mean(µm) S.D Minimum Maximum 
S
tu
d
y
 G
ro
u
p
s 
A 
10 111.00 
12.8
6 
100 140 
B 
10 110.00 
10.5
41 
100 130 
C 
10 60.43 
25.2
58 
30 90 
D 
10 58.89 
19.6
50 
20 80 
Total 40 87.58 
30.0
18 
20 130 
p-value  
Over all 0.0000 
Pair 
wise 
A 
vs. B 
A vs. C 
A 
vs. 
D 
B vs. C 
B
 
v
s 
D 
C vs. D 
0.98
7 
0.000 
0.00
0 
0.000 
0
.
0
0
0
0
1 
0.856 
  
evident (Figure 1). Using multiple comparison test, it 
was noted that the tangential zone was thicker in 
group A in comparison to group C and D and was 
statistically significant (p-value = 0.000).  The 
tangential zone of group B was also thicker than group 
C and D and was statistically significant (p-value < 
0.05). The mean thickness in group C was not 
sufficiently different from group D therefore it was 
insignificant statistically (p-value = 0.856) 
 
  Discussion 
     In this study, it was observed that the thickness of 
the tangential zone decreased with advancing age, 
decreasing the total thickness of hyaline articular 
cartilage needed for the resilience and proper 
functioning of the joint. It was also noted that with the 
progression of age, due to the wearing process, the 
surface became rough and the tangential zone was 
partially resorbed. With further advancement of age  
this zone completely disappeared in some samples of 
group C and group D. Present study  findings are  
consistent with Gupta and Goyal (2006). They 
Journal of Rawalpindi Medical College (JRMC); 2014;18(2):247-249 
 
 249 
observed these changes at the age of 58 years. In this 
study the similar changes were found earlier at 40 
years of age, indicating an early onset of degenerative 
process in samples obtained from Pakistani 
population. The causes of early degenerative changes 
in Pakistan need to be explored further. 11 
 
 
Fig.1.   Histomicrograph showing comparison of 
thickness of tangential zone (H & E staining 40 X) 
Arrows in   A  showing:HAC = Horizontal 
Arrangement of Chondron;FC = Flat Chondron 
Arrow in B   showing:RSTZ = Rough surface of 
Tangential Zone 
Arrows in C   showing:RS = Rough surface of 
Tangential Zone;FC = Flat Chondron;RC =  round 
Chondron near Surface 
Arrow in D   showing:RC = Round Chondron near 
Surface (Absent Tangential Zone) 
  
   Hattori et al in 2007 identified stem/progenitor cells 
in the superficial layer of articular cartilage which had 
the characteristics of the surface as well as the middle 
zone chondrocytes. Destruction of surface layer during 
ageing was not only responsible for thinning of 
articular cartilage but it also deprived the articular 
cartilage of the cells that might play a vital role in its 
regeneration by combating with the degenerative 
changes in the old age. This partially  explains the 
failure of regeneration of articular cartilage after 
destruction. This is one of the area that should be 
focused upon and the detailed study of the structure of 
tangential zone may prove beneficial to slow down or 
arrest this process as well as to target the component 
for the line of treatment.11,7 
 
Conclusion 
 In ageing articular cartilage the thickness of tangential 
zone decrease markedly leading to osteoarthritis.  
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